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Description

Technical Field

[0001] This invention relates to a process for recovering organic hydroxides from waste solutions. In particular, the
invention relates to a process for recovering organic hydroxides using a metal ion scavenger and an electrochemical cell.

Background of the Invention

[0002] Quaternary ammonium hydroxides such as tetramethylammonium hydroxide (TMAH) and tetraethylammonium
hydroxide (TEAH) are strong organic bases that have been known for many years. Such quaternary ammonium hydrox-
ides have found a variety of uses including use as a titrant for acids in organic solvents and as a supporting electrolyte
in polarography. Aqueous solutions of quaternary ammonium hydroxides, particularly TMAH solutions, have been used
extensively as a developer for photoresists in printed circuit board and microelectronic chip fabrication. For a variety of
reasons, it is desirable to minimize the overall amount of developer used in printed circuit board and microelectronic
chip fabrication. One way to minimize the overall amount of hydroxide developer is to reuse the waste developer. Reusing
developer reduces the amount lost and decreases disposal problems.
[0003] However, waste developer contains impurities including ionic impurities and nonionic impurities. Ionic impurities
include cations such as sodium, potassium, zinc and calcium; and anions such as halides, nitrates, nitrites, carbonates,
carboxylates, sulfates. Nonionic impurities include photoresists, surfactants, amines and numerous other organic mol-
ecules. Waste developer also contains relatively low concentrations of the hydroxide developer. Accordingly, there
remains a continuing need to effectively recover hydroxide developer in a useable form so that it may be reused thereby
minimize the overall amount of developer used in printed circuit board and microelectronic chip fabrication.
[0004] U.S. Patent 4,714,530 (Hale et al) describes an electrolytic process for preparing high purity quaternary am-
monium hydroxides which utilizes a cell containing a catholyte compartment and an anolyte compartment separated by
a cation-exchange membrane. The process comprises charging an aqueous solution of a quaternary ammonium hy-
droxide to the analyte compartment, adding water to the catholyte compartment, and passing a direct current through
the electrolysis cell to produce a higher purity quaternary ammonium hydroxide in the catholyte compartment which is
subsequently recovered. The ’530 patent also describes an improvement which comprises heating the quaternary am-
monium hydroxide at an elevated temperature prior to charging the hydroxide to the anolyte compartment of the electrolytic
cell.
[0005] U.S. Patent 4,938,854 (Sharifian et al) also describes an electrolytic process for purifying quaternary ammonium
hydroxides by lowering the latent halide content. The electrolytic cell may be divided into an anolyte compartment and
a catholyte compartment by a divider which may be an anion or cation selective membrane. The cathode in the catholyte
compartment comprises zinc, cadmium, tin, lead, copper or titanium, or alloys thereof, mercury or mercury amalgam.
[0006] Japanese Kokai Patent No. 60-131985 (1985) (Takahashi et al) describes a method of manufacturing a high
purity quaternary ammonium hydroxide in an electrolysis cell which is divided into an anode chamber and a cathode
chamber by a cation exchange membrane. A quaternary ammonium hydroxide solution containing impurities is charged
to the anode chamber and a direct current is supplied between two electrodes after water has been charged to the
cathode chamber. Purified quaternary ammonium hydroxide is obtained from the cathode chamber. The purified qua-
ternary ammonium hydroxide contains reduced amounts of alkali metals, alkaline earth metals, anions, etc.
[0007] WO-A-9936363 discloses a process for recovering onium hydroxides from solutions containing onium com-
pounds

SUMMARY OF THE INVENTION

[0008] In one embodiment, the present invention relates to a process for recovering an onium compound from waste
solutions or synthetic solutions containing the onium compound as set out in claim 1 and claim 13.
[0009] Further embodiments of the invention are as defined in claims 2 to 12 and claims 14 to 21.
[0010] As a result of the processes of the claimed invention, recycled solutions of organic hydroxides and newly
synthesized solutions of organic hydroxides and salts can be obtained in which the concentration and purity is increased.
Recycling spent solutions of organic hydroxides provides not only cost savings, but also environmental benefits by
eliminating the need for synthesizing new hydroxide compound solutions and associated expensive purification processes
and reducing the toxicity of waste solution effluents. An increased amount of water can be recovered after organic
hydroxides are removed from solution. Additionally, it is not necessary to store large amounts of chemicals. The relatively
high concentration and purity of organic hydroxide solutions obtainable via the present invention can effectively be used
in numerous applications where organic hydroxide solutions are required.
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Description of the Drawings

[0011]

Figure 1 is a schematic representation of a two compartment electrochemical cell containing one unit cell in accord-
ance with the present invention.
Figure 2 is a schematic representation of a three compartment electrochemical cell in accordance with the invention.
Figure 3 is a schematic representation of an electrochemical cell containing a stack of two unit cells in a monopolar
configuration.
Figure 4 is a schematic representation of a four compartment electrochemical cell in accordance with the present
invention.
Figure 5 is a schematic representation of another four compartment electrochemical cell in accordance with the
present invention.
Figure 6 is a schematic representation of an electrochemical cell containing two unit cells in accordance with the
present invention.
Figure 7 is a schematic representation of an electrochemical cell containing a stack of two unit cells in a bipolar
configuration.

Description of the Preferred Embodiments

[0012] In one embodiment, the process of the present invention is useful in purifying organic hydroxide compounds
such as onium hydroxides. The organic hydroxides may generally be characterized by the formula

A(OH)x (I)

wherein A is an organic group and x is an integer equal to the valence of A. In one embodiment, the hydroxide compound
should be sufficiently soluble in a solution such as water, alcohol or other organic liquid, or mixtures thereof to allow a
useful recovery rate.
[0013] In another embodiment, the process of the present invention is useful in preparing purified organic hydroxides
from their corresponding onium salts, and for purifying solutuions of these onium salts, which in turn, lead to purer onium
hydroxides. Organic hydroxides include quaternary ammonium hydroxides, quaternary phosphonium hydroxides and
tertiary sulfonium hydroxides. These organic hydroxides may be collectively referred to as onium hydroxides. Preparation
solutions may be termed synthetic solutions (synthetic solutions including solutions of synthesized onium hydroxides
and onium salt solutions used to make onium hydroxides). Onium compounds therefore include organic hydroxides,
onium hydroxides and onium salts. In this and other embodiments, A in Formula (I) above is an onium compound, and
Formula (I) represents an onium hydroxide.
[0014] The quaternary ammonium and quaternary phosphonium hydroxides may be characterized by the formula

wherein A is a nitrogen or phosphorus atom, R1, R2, R3 and R4 are each independently alkyl groups containing from 1
to about 20 carbon atoms, hydroxy alkyl or alkoxy alkyl groups containing from 2 to about 20 carbon atoms, aryl groups,
or hydroxy aryl groups, or R1 and R2 together with A may form a heterocyclic group provided that if the heterocyclic
group contains a C = A group, R3 is the second bond.
[0015] The alkyl groups R1 to R4 may be linear or branched, and specific examples of alkyl groups containing from 1
to 20 carbon atoms include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, isooctyl, nonyl, decyl, isodecyl, dodecyl,
tridecyl, isotridecyl, hexadecyl and octadecyl groups. R1, R2, R3 and R4 also may be hydroxyalkyl groups such as
hydroxyethyl and the various isomers of hydroxypropyl, hydroxybutyl, hydroxypentyl, etc. In one preferred embodiment,
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R1-R4 are independently alkyl groups containing one to ten carbon atoms and hydroxyalkyl groups containing from two
to three carbon atoms. Specific examples of alkoxyalkyl groups include ethoxyethyl, butoxymethyl, butoxybutyl, etc.
Examples of various aryl and hydroxyaryl groups include phenyl, benzyl, and equivalent groups wherein benzene rings
have been substituted with one or more hydroxy groups.
[0016] The quaternary ammonium hydroxides which can be recycled or purified in accordance with the process of the
present invention may be represented by Formula III

wherein R1-R4 are as defined in Formula II. In one preferred embodiment, R1-R4 are alkyl groups containing from 1 to
about 4 carbon atoms and hydroxyalkyl groups containing 2 or 3 carbon atoms. Most often the quaternary ammonium
hydroxides purified in accordance with the process of the invention will be tetramethylammonium hydroxide (TMAH) or
tetraethylammonium hydroxide (TEAH). Specific examples of other such hydroxides include tetramethylammonium
hydroxide, tetraethylammonium hydroxide, tetrapropylammonium hydroxide, tetrabutylammonium hydroxide, tetra-n-
octylammonium hydroxide, trimethylhydroxyethylammonium hydroxide, trimethylmethoxyethylammonium hydroxide,
dimethyldihydroxyethylammonium hydroxide, methyltrihydroxyethylammonium hydroxide, phenyltrimethylammonium
hydroxide, phenyltriethylammonium hydroxide, benzyltrimethylammonium hydroxide, benzyltriethylammonium hydrox-
ide, dimethylpyrolidinium hydroxide, dimethylpiperidinium hydroxide, diisopropylimidazolinium hydroxide, N-alkylpyrid-
inium hydroxide, etc.
[0017] Examples quaternary ammonium salts include the corresponding halides, carbonates, bicarbonates, formates,
nitrates and sulfates to the hydroxides mentioned above. Additional examples include ethylmethylimidazolinium chloride,
butylmethylimidazolinium chloride, ethylmethylimidazolinium bromide, and butylmethylimidazolinium bromide.
[0018] Examples of quaternary phosphonium hydroxides representative of Formula II wherein A = P which can be
purified in accordance with the process of the present invention include tetramethylphosphonium hydroxide, tetraethyl-
phosphonium hydroxide, tetrapropylphosphonium hydroxide, tetrabutylphosphonium hydroxide, trimethylhydroxyethyl-
phosphonium hydroxide, dimethyldihydroxyethylphosphonium hydroxide, methyltrihydroxyethylphosphonium hydrox-
ide, phenyltrimethylphosphonium hydroxide, phenyltriethylphosphonium hydroxide and benzyltrimethylphosphonium hy-
droxide, etc.
[0019] In another embodiment, the tertiary sulfonium hydroxides which can be recycled or purified in accordance with
this invention may be represented by the formula

wherein R1, R2 and R3 are each independently alkyl groups containing from 1 to about 20 carbon atoms, hydroxy alkyl
or alkoxy alkyl groups containing from 2 to about 20 carbon atoms, aryl groups, or hydroxy aryl groups, or R1 and R2
together with S may form a heterocyclic group provided that if the heterocyclic group contains a C = S group, R3 is the
second bond.
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[0020] Examples of the tertiary sulfonium hydroxides represented by Formula IV include trimethylsulfonium hydroxide,
triethylsulfonium hydroxide, tripropylsulfonium hydroxide, etc.
[0021] The waste solutions containing organic hydroxides which are purified or recycled in accordance with the process
of the present invention are mixtures, preferably solutions, containing an oxidizable liquid and from about 0.01% to about
50% by weight of the organic hydroxide and generally will contain varying amounts of one or more undesirable impurities,
for example, anions such as halide, carbonate, formate, nitrite, nitrate, sulfate, etc., some cations such as metals including
zinc and calcium, sodium, potassium and some neutral species such as photoresists, methanol, amines, etc. The
oxidizable liquid may be water, mixtures of water and an organic liquid such as an alcohol and the like.
[0022] In one embodiment, the process of the present invention is effective in reducing the amount of both ionic and
nonionic impurities present in solutions of organic hydroxides such as quaternary ammonium hydroxides. In a further
embodiment, the process of the present invention results in a reduction of metal ion impurities as well as organic impurities
in a solution of an organic hydroxide compound such as quaternary ammonium hydroxide.
[0023] Organic hydroxides are commercially available. Additionally, organic hydroxides can be prepared from the
corresponding organic salts such as the corresponding organic halides, carbonates, bicarbonates, formates, sulfates
and the like. Various methods of preparation are described in U.S. Patents 4,917,781 (Sharifian et al) and 5,286,354
(Bard et al). There is no particular limit as to how the organic hydroxide is obtained or prepared.
[0024] In accordance with the process of the present invention, the organic hydroxides such as those described above
are synthesized, purified or recycled from a waste solution in a process involving contacting the waste solution with a
metal ion scavenger.
[0025] A waste solution may be a solution of an organic hydroxide after it has been used in a process, especially in
developing processes associated with printed circuit board and microelectronic chip fabrication. As a result of the process,
impurities enter and contaminate the solution. In other words, the waste solution may be a spent solution of an organic
hydroxide. In addition to the organic hydroxide, the waste solution may contain any of the impurities described above
and/or organic salts corresponding to the organic hydroxide and/or other particulates. Onium salts corresponding to the
onium hydroxides generally include onium halogens such as onium chlorides, onium nitrates, onium sulfates, onium
phosphates, onium molybdates, onium tungstates, onium formates and the like. Impurities or side reactants may also
enter and contaminate synthetic solutions.
[0026] Prior to contacting the waste solution or synthetic solution with a metal ion scavenger, the waste solutions or
synthetic solutions containing the onium compound and impurities may be optionally concentrated or treated to facilitate
the inventive process. That is, the concentration of the organic hydroxide in the waste solution or synthetic solution may
be increased prior to contact with a metal ion scavenger. In most embodiments, it is preferable to concentrate the waste
solution prior to practicing the present invention or as the first step of practicing the invention. Concentration procedures
are known to those skilled in the art and include evaporation, ion exchange, electrodialysis, and reverse osmosis among
others. Pretreatment may involve at least one treatment with ozone, activated carbon, a high overpotential anode, and
nanofiltration. These treatments serve to decrease the amount of organic photoresist contaminants in an onium compound
solution.
[0027] The waste solution or synthetic solution containing the organic hydroxide (and/or an organic salt corresponding
to the organic hydroxide) and impurities is contacted with a metal ion scavenger. A metal ion scavenger is a compound
which selectively coordinates, complexes or otherwise bonds with metal ions in the presence of quaternary onium ions.
In this context, metal ions include ions of alkali metals, alkaline earth metals, transition metals, and other metals. More
specifically, metal ions included ions of lithium, sodium, potassium, rubidium, cesium, beryllium, magnesium, calcium,
strontium, barium, scandium, titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, yttrium,
zirconium, niobium, molybdenum, rubidium, rhodium, palladium, silver, cadmium, tungsten, osmium, iridium, platinum,
gold, aluminum, indium, tin, lead, antimony, bismuth, thallium and others. The metal ion scavenger comprises at least
one of a magnetically assisted chemical separation (MACS) material, or a polymer containing at least one of an imino-
phosphonate moiety, a sulfide moiety, a thiol moiety, a bipyridyl moiety, and an iminodiacetate moiety. Such chelating
compounds are generally commercially available, or they may be synthesized by those skilled in the art.
[0028] In one embodiment, the metal ion scavengers may be used without further preparation. For example, metal
ion scavengers may be incorporated into a liquid, and used in liquid-liquid extraction, or incorporated into a liquid and
mixed with an onium hydroxide solution or synthetic solutions followed by separation. In another embodiment, the metal
ion scavengers are incorporated into a polymer so that the polymer contains chelating moieties. In another embodiment,
the metal ion scavengers or polymers containing metal ion scavengers are attached to a support The support may be
a polymer bead, membrane, silicone containing compound, or a support connected to a silicone compound which in
turn is connected to the metal ion scavenger or polymer thereof, sand, silica gel, glass, glass fibers, alumina, nickel
oxide, zirconia, or titania, or other media containing the metal ion scavenger. Two or more metal ion scavenger materials
may be combined, for example, including a combination of two or more metal ion scavenger materials each in a different
form, such as a powder and a fiber, depending upon the identity and properties of the organic hydroxide solution.
[0029] Examples of the metal ion scavenger materials include gelled or porously-shaped chelating resins produced



EP 1 235 752 B1

6

5

10

15

20

25

30

35

40

45

50

55

by introducing the above chelating groups into a polymer or copolymer base of, for example, styrenic polymers or
copolymers such as polystyrene and the like, acrylic polymers or copolymers such as polyacrylic resins and the like,
methacrylic polymers and copolymers such as polymethacrylic resins and the like and tetrafluorethylenic polymers or
copolymers such as polytetrafluoroethylene and the like, or into a modified polymer or copolymer base to be prepared
by modifying the polymers or copolymers with a crosslinking agent such as divinylbenzene or the like.
[0030] Specific preferred examples include chelating resins sold under the trade designations AMBERLlTE®, DUOLITE
and PUROLITE from Rohm & Haas Co, LEWITIT from Bayer, and DIANON from Mitsubishi Kasei Corp. More specific
examples include those under the trade designation AMBERLITE, such as IRC-718, those under the trade designation
DUOLITE, such as C467 and GT-73, and those under the trade designation PUROLITE, such as S940 and S950 from
Rohm & Haas Co.; those under the trade designation LEWITIT TP260 and TP208 from Bayer; and those under the
designation DIAION, such as CR10, CR11, CR20, and CRB 02 from Mitsubishi Kasei Corp.
[0031] In yet another embodiment, the metal ion scavenger is a MACS material containing a either a magnetic material
or a paramagnetic material (hereinafter collectively termed magnetic materials) coated with a compound which selectively
coordinates, complexes or otherwise bonds with metal ions in the presence of quaternary onium ions. Magnetic materials
include rare earths or ferromagnetic materials including iron and iron oxides. The magnetic material may be partially or
fully coated with a chelating compound and/or a cyclic ether compound, both of which may be incorporated into a polymer.
For purposes of this invention, cyclic ether compounds include crown ethers and cryptands. The chelating compound
and/or a cyclic ether compound may or may not be bonded to a polymer (those discussed above), that is, in turn, bonded
to the magnetic metal.
[0032] Specific examples of cyclic ether compounds include crown ethers such as 12-crown-4 (1,4,7,10-tetraoxacy-
clododecane); 15-crown-5 (1,4,7,10,13-pentaoxacyclopentadecane); 18-crown-6 (1,4,7,10,13,16-hexaoxacyclooctade-
cane); (12-crown-4)-2-methanol (2-(hydroxymethyl)-12-crown-4-); (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid, 4’-
aminobenzo-15-crown-5; 4’-aminabenzo-18-crown-6; 2-(aminomethyl)-15-crown-5; 2-(aminomethyl)-18-crown-6; 4’-
amino-5’-nitrobenzo-15-crown-5; 1-aza-12-crown-4; 1-aza-15-crown-5; 1-aza-18-crown-6; benzo-12-crown-4; benzo-
15-crown-5; banzo-18-crown-6; bis[(benzo-15-crown-5)-15-ylmethyl] pimelate; 4’-bromobenzo-18-crown-6; dibenzo-18-
crown-6; dibenzo-24-crown-8; dibenzo-30-crown-10; ar,ar’-di-tert-butyldibenzo-18-crown-6; dicyclohexano-18-crown-
6; dicyclohexano-24-crown-8; 4’-formylbenzo-15 crown-5; 2-(hydroxymethyl)-12-crown-4; 2-(hydroxymethyl)-15-crown-
5; 2-(hydroxymethyl)-18-crown-6; 4’-nitrobenzo-15-crown-5; 4-vinylbenzo-18-crown-6; 1,8-dihydroxy-dibenzo-14-
crown-4; 1,11-diol-20-crown-6; poly-[(dibenzo-18-crown-6)-coformaldehyde]; and bis[(12-crown-4)-2-methyl] 2-methyl-
2-dodecylmalonate. Various examples of formulae, and methods of preparing cyclic ether compounds are described in
U.S. Patent 5,393,892 to Crakowiak et al, the subject matter of which is hereby incorporated by reference. Cryptands
include cyclic ether compounds which additionally contain nitrogen atoms in the ring structure, such as 2.2.2-cryptate
and 2.2.1-cryptate.
[0033] The waste solution or synthetic solution is contacted with the metal ion scavenger in a variety of different ways
generally depending upon the state of the metal ion scavenger. For example, the waste solution or synthetic solution
can be combined with the metal ion scavenger in a container, the waste solution or synthetic solution can be passed
through a column where the column contains the metal ion scavenger on a support, the waste solution or synthetic
solution can be passed through media containing the metal ion scavenger, and the like. There is no particular limitation
as to the methodology of contacting the waste solution or synthetic solution with the metal ion scavenger. In a preferred
embodiment, when the metal ion scavenger is attached to a polymer bead, which itself is contained by a column, then
the waste solution or synthetic solution is run through the column. In embodiments where the metal ion scavenger is
attached to a polymer bead which is present in a container, the waste solution or synthetic solution is added, and the
container is optionally shaken or otherwise agitated, followed by separating the solution from the polymer beads.
[0034] In embodiments where a MACS material is employed, the MACS material is separated from the solution by
using an electromagnet and/or magnetic field. In particular, an electromagnet is permitted to contact the solution, or
placed in near proximity of the solution, so that the magnetic material of the MACS material is attracted to and magnetically
bound to or near the electromagnet. The solution is then separated from the magnetically bound MACS material.
[0035] In a preferred embodiment, it is important that the step of contacting the waste solution or synthetic solution
with a metal ion scavenger is conducted before the step involving an electrochemical cell. As a result, substantial amounts
of metal ions are not introduced into the electrochemical cell. This is important because in some embodiments, substantial
amounts of metal ions in the waste solution or synthetic solution can decrease the effectiveness of the step involving
an electrochemical cell. In this connection, substantial amounts of metal ions may contaminate the recovered or syn-
thesized organic hydroxide. In another embodiment, the waste solution or synthetic solution is charged to an electro-
chemical cell, and the solution recovered from the electrochemical cell is subsequently contacted with the metal ion
scavenger.
[0036] In accordance with the process of the present invention, before or after contact with a metal ion scavenger,
the waste solution or synthetic solution containing the organic hydroxides such as those described above are added to
an electrochemical cell. The step involving an electrochemical cell may be by electrolysis in an electrolytic cell or by
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electrodialysis in an electrodialytic cell. The electrochemical cells, generally speaking, contain at least an anode, a
cathode, and a divider, and/or one or more unit cells assembled for operational positioning between the anode and the
cathode. A number of electrolytic and electrodialytic cells containing various unit cells and multiple unit cells are described
herein which are useful in the process of the present invention. Multiple unit cells may be defined by a number of
compartments between an anode and a cathode (see, for example, Figure 6), or multiple unit cells may be defined by
a number of compartments including an anode and cathode (see, for example, Figure 3). Multiple unit cells including
an anode and cathode may take a monopolar configuration (see, for example, Figure 3), or a bipolar configuration (see,
for example, Figure 7). There is no particular limit to the number of unit cells which can be used. Nevertheless, in one
embodiment, electrochemical cells which are used according to the present invention contain from 1 to about 25 unit
cells, and preferably from 1 to about 10 unit cells.
[0037] The unit cells may contain two or more compartments defined by the anode, cathode, and one or more dividers
or separators which may be (1) nonionic microporous diffusion barriers such as screens, filters, diaphragms, etc., of
controlled pore size or pore size distribution allowing or not allowing certain ions to pass through the divider or separator,
or (2) ionic dividers or separators such as anion selective membranes and cation selective membranes which are
preferred since their use generally results in the production of organic hydroxides of higher purity and in higher yield.
The various dividers useful in the electrochemical cells used in the invention are described more fully below.
[0038] Electrochemical cells according to the present invention contain at least two compartments; namely, a feed
compartment and a recovery compartment. Optionally, electrochemical cells according to the present invention may
contain at least one water compartment, pass compartment and/or an inorganic salt or inorganic acid compartment. In
certain embodiments, an electrochemical cell according to the present invention may have two or more of each of the
compartments described above. In other embodiments, the electrochemical cell may have two or more of one or more
of the compartments listed above. For example, in one embodiment, an electrochemical cell may have a feed compart-
ment, two water or pass compartments and a recovery compartment.
[0039] A solution is charged to each compartment. The solution may be aqueous based, alcohol or glycol based,
another organic solution or combinations thereof. In a preferred embodiment, the solution charged into each compartment
is an aqueous solution. The solution charged into the feed compartment contains the organic hydroxide to be recycled
or purified at a certain concentration. The concentration of the organic hydroxide initially charged into the feed compart-
ment is in the range from about 0.1 M to about 2M. In preferred embodiment, the concentration of the organic hydroxide
in the solution charged to the feed compartment is from about 0.2M to about 1M. In electrochemical cells containing two
or more feed compartments, the concentrations of the organic hydroxide in the solutions charged into the feed compart-
ments may be the same or different for each feed compartment. The concentration of the organic hydroxide in the
solution charged to the cell is from about 1 % to about 20% by weight and more often between about 2% and about
10% by weight. The feed compartment, as the term implies, holds the solution containing an organic hydroxide originating
from the waste solution or synthetic solution which is to be recycled and processed by the present invention.
[0040] The recovery compartment initially is charged with a solution and preferably an aqueous solution. The solution
charged to the recovery compartment may or may not contain an ionic compound. After passing a current through the
electrochemical cell, the organic hydroxide may be recovered or otherwise obtained from the recovery compartment at
a certain concentration. After passing a current through the electrochemical cell, the concentration of the organic hydroxide
in the recovery compartment is generally higher than the concentration of the organic hydroxide in the solution initially
charged into the feed compartment. In one embodiment, the concentration of the organic hydroxide in the recovery
compartment is above about 0.1M. In another embodiment, the concentration of the organic hydroxide in the recovery
compartment is above about 0.2M. In a preferred embodiment, the concentration of the organic hydroxide in the recovery
compartment is above about 1M. In electrochemical cells containing two or more recovery compartments, the concen-
trations of the organic hydroxide in the solutions recovered from the recovery compartments may be the same or different
for each recovery compartment.
[0041] The water compartment, if present, contains a solution of an ionic compound at a certain concentration. The
water compartment containing an ionic compound serves to maintain conductivity and enable lower operating cell volt-
ages. An ionic compound is a chemical compound that ionizes in solution, such as an electrolyte. Examples of ionic
compounds include salts, metal salts and acids or any compound which forms an anion and cation when dissolved in
water. In a preferred embodiment, the ionic compound is the same as the organic hydroxide charged into the feed
compartment. In another preferred embodiment, either the anion or cation of the ionic compound is the same as either
the organic cation or hydroxide anion of the organic hydroxide charged into the feed compartment. In another embodiment,
the ionic compound is different from the organic hydroxide charged into the feed compartment. The concentration of the
ionic compound in the solution charged into the water compartment is in the range from about 0.1M to about 5M. In a
preferred embodiment, the concentration is from about 0.3M to about 3M. And in a most preferred embodiment, the
concentration is from about 0.5M to about 2M. In electrochemical cells containing two or more water compartments, the
concentrations of the ionic compound in the solutions charged into the water compartments may be the same or different
for each water compartment.
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[0042] The pass compartment, if present, initially is charged with a solution and preferably an aqueous solution. The
solution charged to the pass compartment may or may not contain an ionic compound. The ionic compound, if present,
may be the same or different from the ionic compound of the water compartment. After passing a current through the
electrochemical cell, the organic hydroxide passes through the pass compartment in embodiments where a pass com-
partment is used. Since most undesirable impurities do not pass through the pass compartment, the pass compartment
serves to further purify the organic hydroxide.
[0043] The inorganic salt or inorganic acid compartment, if present, initially is charged with a solution and preferably
an aqueous solution. The solution charged to the inorganic salt or inorganic acid compartment may or may not contain
an ionic compound. The ionic compound, if present, may be the same or different from the ionic compound of the water
compartment.
[0044] Several embodiments of electrochemical cells which may be used in the present invention will be described
with reference to the figures. Although numerous embodiments of various electrochemical cells are described in the
figures, it will be readily apparent to those skilled in the art that additional numerous embodiments not specifically
described in the figures exist within the scope of the invention.
[0045] An embodiment of an electrochemical cell is illustrated in Figure 1, which is a schematic representation of an
electrochemical cell 10 containing an anode 11, a cathode 12 and a unit cell containing in sequence beginning at the
anode 11, a divider 13, which in a preferred embodiment is a cation selective membrane. The electrochemical cell 10
contains two compartments; namely, a feed compartment 14 and a recovery compartment 15.
[0046] In operation of the electrochemical cell 10 illustrated in Figure 1, a solution containing an organic hydroxide,
such as an onium hydroxide is charged to the feed compartment 14. Water is charged to the recovery compartment 15.
An electrical potential is established and maintained between the anode and the cathode to produce a flow of current
across the cell whereupon the onium cation is attracted toward the cathode and passes through the divider 13 into the
recovery compartment 15. The onium cation combines with hydroxide ions in the recovery compartment to produce the
desired onium hydroxide. Impurities are not attracted to the cathode or do not pass through the divider and thus remain
in the feed compartment. Regenerated onium hydroxide is formed and recovered from the recovery compartment 15.
[0047] Another embodiment of an electrochemical cell is illustrated in Figure 2, which is a schematic representation
of an electrochemical cell 20 containing an anode 21, a cathode 22 and a unit cell containing in sequence beginning at
the anode 21, an anion selective membrane 23 and a cation selective membrane 24. The electrochemical cell 20 contains
three compartments; namely, an inorganic salt or inorganic acid compartment 25, a feed compartment 26 and a recovery
compartment 27.
[0048] In operation of the electrochemical cell 20 illustrated in Figure 2, a solution containing an organic hydroxide is
charged to the feed compartment 26. Water is charged to the inorganic salt or inorganic acid compartment 25 and the
recovery compartment 27. An electrical potential is established and maintained between the anode and the cathode to
produce a flow of current across the cell whereupon the organic cation of organic hydroxide is attracted toward the
cathode and passes through the cation selective membrane 24 into the recovery compartment 27. The organic cation
combines with hydroxide ions in the recovery compartment to produce the desired organic hydroxide. Impurities are
attracted to the anode, and/or they not attracted to the cathode and/or they do not pass through the cation selective
membrane 24 and/or remain in the feed compartment. Regenerated organic hydroxide is formed and recovered from
the recovery compartment 27.
[0049] Another embodiment of an electrochemical cell containing a polyunit cell of two unit cells utilized in a monopolar
configuration is illustrated in Figure 3, which is a schematic representation of an electrochemical cell 30 containing a
first anode 31, a second anode 32, a cathode 35 and two unit cells containing in sequence, beginning at the first cathode
31, a first cation selective membrane 33, a second cation selective membrane 34, the cathode 35, a third cation selective
membrane 36, and a fourth cation selective membrane 37. The electrochemical cell 30 illustrated in Figure 3 contains
six compartments; namely, a first feed compartment 38, a first pass compartment 39, a first recovery compartment 40,
a second recovery compartment 41, a second pass compartment 42 and a second feed compartment 43.
[0050] In operation of the electrochemical cell illustrated in Figure 3, an aqueous solution is charged to the pass and
recovery compartments. A solution containing an organic hydroxide is charged to feed compartments. An electrical
potential is established and maintained between the anodes and the cathode to produce a flow of current across the
cell where upon the organic cation of the organic hydroxide is attracted to the cathodes thereby passing through the
cation selective membranes 33, 34, 36 and 37 into the recovery compartments 40 and 41. The organic cation combines
with hydroxide ions to produce the desired organic hydroxide in the recovery compartments 40 and 41. The organic
hydroxide is then recovered from the recovery compartments 40 and 41.
[0051] Another embodiment of an electrochemical cell is illustrated in Figure 4, which is a schematic representation
of an electrochemical cell 50 containing an anode 51, a cathode 52 and a unit cell containing in sequence beginning at
the anode 51, an anion selective membrane 53, a first cation selective membrane 54 and a second cation selective
membrane 55. The electrochemical cell 50 contains four compartments; namely, an inorganic salt or inorganic acid
compartment 56, a feed compartment 57, a pass compartment 58 and a recovery compartment 59.
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[0052] In operation of the electrochemical cell 50 illustrated in Figure 4, a solution containing an organic hydroxide is
charged to the feed compartment 57. Water is charged to the inorganic salt or inorganic acid compartment 56, the pass
compartment 58 and the recovery compartment 59. An electrical potential is established and maintained between the
anode and the cathode to produce a flow of current across the cell whereupon the organic cation of the organic hydroxide
is attracted toward the cathode and passes through the first and second cation selective membranes 54 and 55 and
pass compartment 58 into the recovery compartment 59. The organic cation combines with hydroxide ions in the recovery
compartment to produce the desired organic hydroxide. Impurities may be attracted to the anode, and/or they not attracted
to the cathode and/or they do not pass through the first and second cation selective membranes 54 and 55 and/or remain
in the feed compartment. Regenerated organic hydroxide is formed and recovered from the recovery compartment 59.
[0053] Another embodiment of an electrochemical cell is illustrated in Figure 5, which is a schematic representation
of an electrochemical cell 60 containing an anode 61, a cathode 62 and a unit cell containing in sequence beginning at
the anode 61, a bipolar membrane 63, an anion selective membrane 64, and a cation selective membrane 65. The
bipolar membrane 63 has an anion selective side (not shown) facing the anode 61 and a cation selective side (not
shown) facing the cathode 62. The electrochemical cell 60 contains four compartments; namely, a water compartment
66, an inorganic salt or inorganic acid compartment 67, a feed compartment 68, and a recovery compartment 69.
[0054] In operation of the electrochemical cell 60 illustrated in Figure 5, a solution containing an organic hydroxide is
charged to the feed compartment 68. Water is charged to the inorganic salt or inorganic acid compartment 67 and the
recovery compartment 69. Water and an ionic compound is charged to the water compartment 66. An electrical potential
is established and maintained between the anode and the cathode to produce a flow of current across the cell whereupon
the organic cation of the organic hydroxide is attracted toward the cathode and passes through,the cation selective
membrane 65 into the recovery compartment 69. The organic cation combines with hydroxide ions in the recovery
compartment to produce the desired organic hydroxide. Impurities are attracted to the anode, and/or they not attracted
to the cathode and/or they do not pass through the cation selective membrane 65 and/or remain in the feed compartment.
Regenerated organic hydroxide is formed and recovered from the recovery compartment 69.
[0055] Another embodiment of an electrochemical cell is illustrated in Figure 6, which is a schematic representation
of an electrochemical cell 70 containing two unit cells. The electrochemical cell 70 contains an anode 71, a cathode 72
and in sequence beginning at the anode 71, a first bipolar membrane 73, a first cation selective membrane 74, a second
bipolar membrane 75, and a second cation selective membrane 76. The bipolar membranes 73 and 75 have their anion
selective sides (not shown) facing the anode 71 and cation selective sides (not shown) facing the cathode 72. The
electrochemical cell 70 contains five compartments; namely, a water compartment 77, a first feed compartment 78, a
first recovery compartment 79, a second feed compartment 80, and a second recovery compartment 81.
[0056] In operation of the electrochemical cell 70 illustrated in Figure 6, a solution containing an organic hydroxide is
charged to the feed compartments 78 and 80. Water is charged to the recovery compartments. Water and an ionic
compound are charged to the water compartments. An electrical potential is established and maintained between the
anode and the cathode to produce a flow of current across the cell whereupon the organic cation of the organic hydroxide
is attracted toward the cathode and passes through either the first or second cation selective membrane 74 or 76 into
the respective recovery compartment 79 or 81. The organic cation combines with hydroxide ions in the recovery com-
partment to produce the desired organic hydroxide. Impurities are attracted to the anode, and/or they not attracted to
the cathode and/or they do not pass through the cation selective membranes and/or remain in the feed compartments.
Regenerated organic hydroxide is formed and recovered from the recovery compartments 82 and 85.
[0057] In another embodiment, an electrochemical cell containing a polyunit cell of two unit cells utilized in a bipolar
configuration, is illustrated in Figure 7, which is a schematic representation of an electrochemical cell 90 containing a
first anode 91, a first cathode 92 and in sequence, beginning at the first cathode 91, a first bipolar membrane 93, a first
cation selective membrane 94, a second cathode 95, a second anode 96, a second bipolar membrane 97, and a second
cation selective membrane 98. The bipolar membranes have their anion selective sides (not shown) facing the anode
and cation selective sides (not shown) facing the cathode. The electrochemical cell 90 illustrated in Figure 7 contains
six compartments; namely, a first water compartment 99, a first feed compartment 100, a first recovery compartment
101, a second water compartment 102, a second feed compartment 103 and a second recovery compartment 104.
[0058] In operation of the electrochemical cell illustrated in Figure 7, an aqueous solution is charged to the recovery
compartments. Water and an ionic compound are charged to the water compartments. A solution containing an organic
hydroxide is charged to feed compartments. An electrical potential is established and maintained between the anodes
and the cathodes to produce a flow of current across the cell where upon the organic cation of the organic hydroxide is
attracted to the cathodes thereby passing through either the first or the second cation selective membranes 94 and 98
into the respective recovery compartments 101 and 104. The organic cation combines with hydroxide ions to produce
the desired organic hydroxide in the recovery compartments 101 and 104. The organic hydroxide is then recovered from
the recovery compartments 101 and 104.
[0059] Since the desired product is the organic hydroxide, the recovery compartment contains a solution of water,
alcohol, an organic liquid or a mixture of water and alcohol and/or an organic solvent provided that the recovery com-
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partment contains sufficient water so that the desired organic hydroxide may form or regenerate. The term regenerate
is used to indicate that random organic cations and random hydroxide anions form organic hydroxides in solution.
[0060] Operation of the process of the present invention may be continuous or batchwise. Operation of the process
of the present invention generally is continuous and certain components are continuously recirculated. Circulation is
effected by pumping and/or by gas evolution.
[0061] Various materials can be used as anodes in the electrochemical cells. For example, the anode may be made
of metals such as titanium-coated electrodes, tantalum, zirconium, hafnium or alloys of the same. Generally, the anodes
will have a non-passivable and catalytic film which may comprise metallic noble metals such as platinum, iridium, rhodium
or alloys thereof, or a mixture of electroconductive oxides containing at least one oxide or mixed oxides of a noble metal
such as platinum, iridium, ruthenium, palladium or rhodium. In one embodiment, the anode is a dimensionally stable
anode such as an anode having a titanium base with ruthenium and/or iridium oxides thereon. In a preferred embodiment,
the anode is a dimensionally stable anode having a titanium base with ruthenium oxide thereon.
[0062] Various materials which have been used as cathodes in electrochemical cells can be included in the cells used
in the above and other embodiments of the present invention. Cathode materials include nickel, iron, stainless steel,
nickel plated titanium, graphite, carbon steel (iron) or alloys thereof etc. The term "alloy" is used in a broad sense and
includes intimate mixtures of two or more metals as well as one metal coated onto another metal.
[0063] The electrochemical cell utilized in the process of the present invention contains at least one divider, such as
an ionic selective membrane, and optionally at least one bipolar membrane. Compartments are defined as the area
between two of: dividers and/or bipolar membranes and/or the anode(s) and/or the cathode(s). The dividers and/or
bipolar membranes function as diffusion barriers and/or gas separators.
[0064] The dividers which can be utilized in the present invention can be selected from a wide variety of microporous
diffusion barriers, screens, filters, diaphragms, membranes, etc., which contain pores of the desired size allow cations
of the organic hydroxide, such as onium cations, to migrate toward the cathode. The microporous dividers can be
prepared from various materials including plastics such as polyethylene, polypropylene and Teflon, ceramics, etc. Mi-
croporous dividers such as nonionic dividers can be used, for example, in addition to the dividers listed in the Figures.
Specific examples of commercially available microporous separators include: Celanese Celgard and Norton Zitex. Mi-
croporous separators are particularly useful when the process of the present invention is utilized to purify the higher
molecular weight organic hydroxides such as tetra n-butyl phosphonium hydroxide and tetra n-butyl ammonium hydroxide.
[0065] The cation selective membranes used in the cells and the process of the invention may be any of those which
have been used in the electrochemical purification or recycling of organic hydroxides. Preferably, the cation-exchange
membranes should contain a highly durable material such as the membranes based on the fluorocarbon series, or from
less expensive materials of the polystyrene or polypropylene series. Preferably, however, the cation selective membranes
useful in the present invention include fluorinated membranes containing cation selective groups such as perfluorosulfonic
acid and perfluorosulfonic and/perfluorocarboxylic acid, perfluorocarbon polymer membranes such as sold by the E.I.
dupont Nemours & Co. under the general trade designation "Nafion" such as DuPont’s Cationic Nafion 902 membrane.
Other suitable cation selective membranes include styrene-divinyl benzene copolymers membranes containing cation
selective groups such as sulfonate groups, carboxylate groups, etc. Raipore Cationic R1010, (from Pall RAI), and
NEOSEPTA CMH and NEOSEPTA CM1 membranes from Tokuyama Soda are useful particularly with the higher mo-
lecular quaternary compounds. The preparation and structure of cation selective membranes are described in the chapter
entitled "Membrane Technology" in Encyclopedia of Chemical Technology, Kirk-Othmer, Third Ed., Vol. 15, pp. 92-131,
Wiley & Sons, New York, 1985. These pages disclose various cation selective membranes which can be useful in the
process of the present invention. The use of at least one cation selective membrane in the electrochemical cell is preferred.
[0066] Any anion selective membrane may be utilized including membranes used in processes for the desalination
of brackish water. Preferably, membranes should be selective with respect to the particular anions present in the cell
(e.g., halide ions). The preparation and structure of anionic membranes are described in the chapter entitled "Membrane
Technology" in Encyclopedia of Chemical Technology, Kirk-Othmer, Third Ed., Vol. 15, pp. 92-131, Wiley & Sons, New
York, 1985. These pages disclose various anionic membranes which may be useful in the process of the present invention.
[0067] Among the anion selective membranes which may be utilized in the electrochemical cell and which are com-
mercially available are the following: AMFLON, Series 310, based on fluorinated polymer substituted with quaternary
ammonium groups produced by American Machine and Foundry Company; IONAC MA 3148, MA 3236 and MA 3475,
based on polymer substituted with quaternary ammonium derived from heterogenous polyvinylchloride produced by
Ritter-Pfaulder Corp., Permutit Division; Tosflex IE-SF 34 or IE-SA 48 made by Tosoh Corp. which is a membrane
designed to be stable in alkaline media; NEOSEPTA AMH, NEOSEPTA ACM, NEOSEPTA AFN or NEOSEPTA ACLE-
SP from Tokuyama Soda Co.; and Selemion AMV and Selemion AAV from Asahi Glass. In one embodiment, the Tosflex
IE-SF 34 and NEOSEPTA AMH anion exchange membranes are preferred because of their stability in alkaline solutions,
such as the hydroxide containing solutions which are involved in the process of the invention.
[0068] The bipolar membranes used in the electrochemical cells are composite membranes containing three parts: a
cation selective side or region, an anion selective side or region, and an interface between the two regions. When a
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direct current passes across a bipolar membrane, with the cation selective side toward or facing the cathode, electrical
conduction is achieved by the transport of H+ and OH- ions which are produced by the dissociation of water which occurs
at the interface under the influence of an electrical field. Bipolar membranes are described, for example, in U.S. Patents
2,829,095, 4,024,043 (single film bipolar membranes) and in 4,116,889 (cast bipolar membranes). The bipolar mem-
branes useful in the process of the present invention include NEOSEPTA BIPOLAR 1 by Tokuyama Soda, WSI BIPOLAR,
and Aqualytics Bipolar membranes.
[0069] The step involving an electrochemical cell is conducted by applying a current (generally direct current) between
the anode and the cathode. The current which is passed through the electrochemical cell generally is a direct current
dictated by the design and performance characteristics of the cell, which are readily apparent to those skilled in the art
and/or can be determined by routine experimentation. Current densities between about 0.1 and about 50 amps per
square inch may be used, and current densities between about 1 and about 10 amps per square inch are preferred.
Higher or lower current densities can be used for certain specific applications. The current density is applied to the cell
for a period of time which is sufficient to result in the regeneration or formation of the desired amount or concentration
of the organic hydroxide in the recovery compartment.
[0070] During the step involving an electrochemical cell, it is generally desirable that the temperature of the liquids
within the cell be maintained within the range of from about 5°C to about 75°C, preferably from about 25°C to about
45°C, and particularly the temperature is maintained at about 35°C. Also during the step involving an electrochemical
cell, it is generally desirable that the pH of the liquids within the cell is either alkaline or acidic. In one embodiment, the
pH of the feed compartment is from about 1 to about 13, and preferably from about 4 to about 10, the pH of the water
compartment is from about 0 to about 14, the pH of the recovery compartment is from about 12 to about 14, the pH of
the pass compartment is from about 12 to about 14, and the pH of the inorganic acid or salt compartment is from about
0 to about 4. Since the claimed process is a purification process involving hydroxide ions and/or acid ions, the pH changes
as the process is practiced, and in particular, the pH generally increases as the process is practiced.
[0071] Although not wishing to be bound by any theory, operation of the electrochemical cells according to the invention
is believed to be based, in part, on the migration of the cation of the onium compound from the feed compartment to the
recovery compartment as a result of the current applied. The following examples illustrate the processes of the present
invention. Unless otherwise indicated in the following examples and elsewhere in the specification and claims, all parts
and percentages are by weight, all temperatures are in degrees Centigrade, and pressure is at or near atmospheric
pressure.

Example 1

[0072] A synthetic solution for forming TMAH containing aqueous 17% tetramethylammonium carbonate and 483 ppb
sodium is charged to a column containing an iminophosphonate chelating resin known as Duolite C467 available from
Rohm & Haas. The solution collected from the column is charged to the feed compartments of an electrochemical cell
according to Figure 3. The anode is made of titanium coated with ruthenium oxide and the cathode is made of nickel.
Water and an ionic compound are charged into the recovery and pass compartments. An electrical potential is applied
thereby causing tetramethylammonium cations to migrate towards the cathode thereby regenerating tetramethylammo-
nium hydroxide having reduced metallic impurities in the recovery compartment. The concentration of tetramethylam-
monium hydroxide in the recovery compartment is above 20%. The recovery compartment also contains less than 3
ppb sodium.

Example 2

[0073] A recycling solution for regerating TMAH containing aqueous tetramethylammonium carbonate (1.0 mole/l),
tetramethylammonium bicarbonate (1.75 mole/l), 8.7 ppb potassium, and 28 ppb sodium is charged to a column containing
an iminophosphonate chelating resin known as Duolite C467 available from Rohm & Haas. The solution collected from
the column is charged to the feed compartments of an electrochemical cell according to Figure 2. The anode is made
of titanium coated with ruthenium oxide and the cathode is made of nickel. Water and an ionic compound are charged
into the recovery and pass compartments. An electrical potential is applied thereby causing tetramethylammonium
cations to migrate towards the cathode thereby regenerating tetramethylammonium hydroxide having reduced metallic
impurities in the recovery compartment. The concentration of tetramethylammonium hydroxide in the recovery compart-
ment is above 1.9 mole/I. The recovery compartment also contains less than 3 ppb potassium and 3 ppb sodium.
[0074] While the invention has been explained in relation to its preferred embodiments, it is to be understood that
various modifications thereof will become apparent to those skilled in the art upon reading the specification. Therefore,
it is to be understood that the invention disclosed herein is intended to cover such modifications as fall within the scope
of the appended claims.
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Claims

1. A process for recovering onium compound from waste solutions or from synthetic solutions containing the onium
compound and impurities including metal ion impurities comprising:

(A) contacting the waste solution or synthetic solution with a metal ion scavenger to remove metal ion impurities,
wherein the metal ion scavenger comprises at least one of: a polymer containing at least one of an iminophos-
phonate moiety, a sulfide moiety, a thiol moiety, a bipyridyl moiety, and an iminodiacetate moiety; and a mag-
netically assisted chemical separation material;
(B) charging the waste solution or synthetic solution from (A) to an electrochemical cell comprising at least two
compartments, a cathode, an anode and a divider and passing a current through the cell whereby the onium
compound is regenerated or produced; and
(C) recovering the onium compound from the cell.

2. The process of Claim 1, wherein the concentration of the onium compound in the waste solution or synthetic solution
is increased prior to or after step (A).

3. The process of Claim 2, wherein the waste solution or synthetic solution is pretreated with at least one of ozone,
activated carbon, a high overpotential anode, and nanofiltration.

4. The process of Claim 1, wherein the metal ion scavenger comprises a magnetically assisted chemical separation
material comprising a magnetic material and at least one of a chelating compound and a cyclic ether compound.

5. The process of Claim 1, wherein the onium compound in the waste solution is at least one quaternary ammonium
hydroxide represented by the formula

wherein R1,R2, R3 and R4 are each independently alkyl groups containing from 1 to about 10 carbon atoms, aryl
groups, or R1 and R2 are alkylene groups which together with the nitrogen atom may form an aromatic or non-
aromatic heterocyclic ring provided that if the heterocyclic group contains a -C=N-, R3 is the second bond.

6. The process of Claim 1, wherein the waste solution or the synthetic solution comprises an onium salt.

7. The process of Claim 1, wherein the metal ion scavenger is incorporated into a liquid-liquid extraction process.

8. The process of Claim 1 wherein the onium compound is an onium hydroxide and wherein the divider comprises a
cation selective membrane and the onium ions pass through the cation selective membrane and the onium hydroxide
is regenerated or produced.

9. The process of Claim 8, wherein the onium hydroxide is at least one of a quaternary ammonium hydroxide, a
quaternary phosphonium hydroxide, a tertiary sulfonium hydroxide, and a imidizolium hydroxide.

10. The process of Claim 8, wherein the electrochemical cell comprises at least three compartments, a cathode, an
anode, and in order from the anode to the cathode, an anion selective membrane and the cation selective membrane,
the waste solution or synthetic solution from (A) is charged to a compartment formed by the anion selective membrane
and the cation selective membrane, and the onium hydroxide is recovered from a compartment formed by the cation
selective membrane and the cathode.
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11. The process of Claim 8, wherein the electrochemical cell comprises at least three compartments, a cathode, an
anode, and in order from the anode to the cathode, a first cation selective membrane and a second cation selective
membrane, the waste solution or synthetic solution from (A) is charged to a compartment formed by the anode and
the first cation selective membrane, and the onium hydroxide is recovered from a compartment formed by the second
cation selective membrane and the cathode.

12. The process of Claim 8, wherein the waste solution or synthetic solution further contains an onium salt corresponding
to the onium hydroxide.

13. A process for recovering an onium compound from waste solutions or synthetic solutions containing the onium
compound and impurities including metal ion impurities comprising:

(A) charging the waste solution or synthetic solution to an electrochemical cell comprising at least two compart-
ments, a cathode, an anode and a divider and passing a current through the cell whereby onium ions pass
through the divider and the onium compound is regenerated or produced;
(B) recovering the onium compound solution from the cell;
(C) contacting the onium compound solution with a metal ion scavenger to remove metal ion impurities, wherein
the metal ion scavenger comprises at least one of: a polymer containing at least one of an iminophosphonate
moiety, a sulfide moiety, a thiol moiety, a bipyridyl moiety, and an iminodiacetate moiety; and a magnetically
assisted chemical separation material; and
(D) recovering the organic compound.

14. The process of Claim 13, wherein the metal ion scavenger comprises a magnetically assisted chemical separation
material comprising a magnetic material and at least one of a chelating compound and a cyclic ether compound.

15. The process of Claim 13, wherein the onium compound in the waste solution or synthetic solution is at least one
quaternary ammonium hydroxide represented by the formula

wherein R1,R2, R3 and R4 are each independently alkyl groups containing from 1 to about 10 carbon atoms, aryl
groups, or R1 and R2 are alkylene groups which together with the nitrogen atom may form an aromatic or non-
aromatic heterocyclic ring provided that if the heterocyclic group contains a -C=N-, R3 is the second bond.

16. The process of Claim 13, wherein the metal ion scavenger is incorporated into a liquid-liquid extraction process.

17. The process of Claim 13, wherein the onium compound is an onium hydroxide.

18. The process of Claim 17, wherein the onium hydroxide is a quaternary ammonium hydroxide, a quaternary phos-
phonium hydroxide or a tertiary sulfonium hydroxide.

19. The process of Claim 17, wherein the electrochemical cell comprises at least three compartments, a cathode, an
anode, and in order from the anode to the cathode, an anion selective membrane and a cation selective membrane,
the waste solution or synthetic solution is charged to a compartment formed by the anion selective membrane and
the cation selective membrane, and the onium hydroxide solution is recovered from a compartment formed by the
cation selective membrane and the cathode.

20. The process of Claim 17, wherein the electrochemical cell comprises at least three compartments, a cathode, an
anode, and in order from the anode to the cathode, a first cation selective membrane and a second cation selective
membrane, the waste solution or synthetic solution is charged to a compartment formed by the anode and the first
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cation selective membrane, and the onium hydroxide solution is recovered from a compartment formed by the
second cation selective membrane and the cathode.

21. The process of Claim 1 or Claim 13, wherein the polymer is a gelled or porously-shaped chelating resin.

Patentansprüche

1. Verfahren zum Wiedergewinnen einer Oniumverbindung von Abfallösungen oder von synthetischen Lösungen,
enthaltend die Oniumverbindung und Verunreinigungen einschließlich Metallionenverunreinigungen, umfassend:

(A) das Inkontaktbringen der Abfallösung oder synthetischen Lösung mit einem Metallionenfänger, um Metal-
lionenverunreinigungen zu entfernen, wobei der Metallionenfänger mindestens eines von: einem Polymer, ent-
haltend mindestens eines von einer Iminophosphonateinheit, einer Sulfideinheit, einer Thioleinheit, einer Bipy-
ridyleinheit und einer Iminodiacetateinheit, und einem magnetisch unterstützten chemischen Abtrennmaterial
umfaßt;
(B) das Beschicken der Abfallösung oder synthetischen Lösung von (A) zu einer elektrochemischen Zelle,
umfassend mindestens zwei Kompartimente, eine Kathode, eine Anode und eine Trennwand und das Leiten
eines Stromes durch die Zelle, wobei die Oniumverbindung regeneriert oder erzeugt wird, und
(C) das Wiedergewinnen der Oniumverbindung aus der Zelle.

2. Verfahren gemäß Anspruch 1, wobei die Konzentration der Oniumverbindung in der Abfallösung oder synthetischen
Lösung vor oder nach Schritt (A) erhöht wird.

3. Verfahren gemäß Anspruch 2, wobei die Abfallösung oder synthetische Lösung mit mindestens einem von Ozon,
Aktivkohle, einer hohen Überpotentialanode und Nanofiltration vorbehandelt wird.

4. Verfahren gemäß Anspruch 1, wobei der Metallionenfänger ein magnetisch unterstütztes chemisches Abtrennma-
terial, umfassend ein magnetisches Material und mindestens eines von einer Chelatverbindung und einer cyclischen
Etherverbindung, umfaßt.

5. Verfahren gemäß Anspruch 1, wobei die Oniumverbindung in der Abfallösung
mindestens ein quaternäres Ammoniumhydroxid, dargestellt durch die Formel

ist, worin R1, R2, R3 und R4 jeweils unabhängig voneinander Alkylgruppen, enthaltend von 1 bis etwa 10 Kohlen-
stoffatome, Arylgruppen sind oder R1 und R2 Alkylengruppen sind, welche mit dem Stickstoffatom einen aromati-
schen oder nicht-aromatischen heterocyclischen Ring bilden können, mit der Maßgabe, daß, wenn die heterocycli-
sche Gruppe ein -C=N- enthält, R3 die zweite Bindung ist.

6. Verfahren gemäß Anspruch 1, wobei die Abfallösung oder die synthetische Lösung ein Oniumsalz umfaßt.

7. Verfahren gemäß Anspruch 1, wobei der Metallionenfänger in einem Flüssig-Flüssig-Extraktionsverfahren einge-
bracht wird.

8. Verfahren gemäß Anspruch 1, wobei die Oniumverbindung ein Oniumhydroxid ist und wobei die Trennwand eine
Kationen-selektive Membran umfaßt und die Oniumionen durch die Kationen-selektive Membran passieren und das
Oniumhydroxid regeneriert oder erzeugt wird.
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9. Verfahren gemäß Anspruch 8, wobei das Oniumhydroxid mindestens eines von einem quaternären Oniumhydroxid,
einem quaternären Phosphoniumhydroxid, einem tertiären Sulfoniumhydroxid und einem Imidazolhydroxid ist.

10. Verfahren gemäß Anspruch 8, wobei die elektrochemische Zelle mindestens drei Kompartimente, eine Kathode,
eine Anode und in der Reihenfolge von der Anode zu der Kathode eine Anionen-selektive Membran und die Kationen-
selektive Membran umfaßt, die Abfallösung oder synthetische Lösung von (A) zu einem Kompartiment beschickt
wird, gebildet durch die Anionen-selektive Membran und die Kationen-selektive Membran, und das Oniumhydroxid
aus einem Kompartiment wiedergewonnen wird, gebildet durch die Kationen-selektive Membran und die Kathode.

11. Verfahren gemäß Anspruch 8, wobei die elektrochemische Zelle mindestens drei Kompartimente, eine Kathode,
eine Anode und in der Reihenfolge von der Anode zu der Kathode eine erste Kationen-selektive Membran und eine
zweite Kationen-selektive Membran umfaßt, die Abfallösung oder synthetische Lösung von (A) zu einem Kompar-
timent beschickt wird, gebildet durch die Anode und die erste Kationen-selektive Membran, und das Oniumhydroxid
aus einem Kompartiment wiedergewonnen wird, gebildet durch die zweite Kationen-selektive Membran und die
Kathode.

12. Verfahren gemäß Anspruch 8, wobei die Abfallösung oder synthetische Lösung weiter ein Oniumsalz enthält, welches
zu dem Oniumhydroxid korrespondiert.

13. Verfahren zum Wiedergewinnen einer Oniumverbindung aus Abfallösungen oder synthetischen Lösungen, enthal-
tend die Oniumverbindung und Verunreinigungen einschließlich Metallionenverunreinigungen, umfassend:

(A) das Beschicken der Abfallösung oder synthetischen Lösung in eine elektrochemische Zelle, umfassend
mindestens zwei Kompartimente, eine Kathode, eine Anode und eine Trennwand und das Leiten eines Stromes
durch die Zelle, wodurch die Oniumionen durch die Trennwand passieren und die Oniumverbindung regeneriert
oder erzeugt wird,
(B) das Wiedergewinnen der Oniumverbindung-Lösung aus der Zelle,
(C) das Inkontaktbringen der Oniumverbindung-Lösung mit einem Metallionenfänger unter Entfernung von
Metallionenverunreinigungen, wobei der Metallionenfänger mindestens eines von: einem Polymer, enthaltend
mindestens eines von einer Iminophosphonateinheit, einer Sulfideinheit, einer Thioleinheit, einer Bipyridyleinheit
und einer Iminodiacetaleinheit, und einem magnetisch unterstützten chemischen Abtrennmaterial umfaßt, und
(D) das Wiedergewinnen der organischen Verbindung.

14. Verfahren gemäß Anspruch 13, wobei der Metallionenfänger ein magnetisch unterstütztes chemisches Abtrenn-
material, umfassend ein magnetisches Material und mindestens eines von einer Chelatverbindung und einer cycli-
schen Etherverbindung, umfaßt.

15. Verfahren gemäß 13, wobei die Oniumverbindung in der Abfallösung und der synthetischen Lösung mindestens
ein quaternäres Ammoniumhydroxid ist, dargestellt durch die Formel

worin R1, R2, R3 und R4 jeweils unabhängig voneinander Alkylgruppen, enthaltend von 1 bis etwa 10 Kohlenstoffa-
tomen, Arylgruppen sind oder R1 und R2 Alkylengruppen sind, welche zusammen mit dem Stickstoffatom einen
aromatischen oder nicht-aromatischen heterocyclischen Ring bilden können, mit der Maßgabe, daß, wenn die
heterocyclische Gruppe ein -C=N- enthält, R3 die zweite Bindung ist.

16. Verfahren gemäß Anspruch 13, wobei der Metallionenfänger in einem Flüssig-Flüssig-Extraktionsverfahren einge-
bracht wird.
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17. Verfahren gemäß Anspruch 13, wobei die Oniumverbindung ein Oniumhydroxid ist.

18. Verfahren gemäß Anspruch 17, wobei das Oniumhydroxid ein quaternäres Ammoniumhydroxid, ein quaternäres
Phosphoniumhydroxid oder ein tertiäres Sulfoniumhydroxid ist.

19. Verfahren gemäß Anspruch 17, wobei die elektrochemische Zelle mindestens drei Kompartimente, eine Kathode,
eine Anode und in der Reihenfolge von der Anode zu der Kathode eine Anionen-selektive Membran und eine
Kationen-selektive Membran umfaßt, die Abfallösung oder synthetische Lösung in ein Kompartiment beschickt wird,
gebildet durch die Anionen-selektive Membran und die Kationen-selektive Membran, und die Oniumhydroxidlösung
von einem Kompartiment wiedergewonnen wird, gebildet durch die Kationen-selektive Membran und die Kathode.

20. Verfahren gemäß Anspruch 17, wobei die elektrochemische Zelle mindestens drei Kompartimente, eine Kathode,
eine Anode und in der Reihenfolge von der Anode zu der Kathode eine erste Kationen-selektive Membran und eine
zweite Kationen-selektive Membran umfaßt, die Abfallösung oder synthetische Lösung in ein Kompartiment be-
schickt wird, gebildet durch die Anode und die erste Kationen-selektive Membran, und die Oniumhydroxidlösung
von einem Kompartiment wiedergewonnen wird, gebildet durch die zweite Kationen-selektive Membran und die
Kathode.

21. Verfahren gemäß Anspruch 1 oder Anspruch 13, wobei das Polymer ein geliertes oder porös-geformtes chelatisie-
rendes Harz ist.

Revendications

1. Procédé de récupération d’un composé d’onium à partir de solutions de déchets ou à partir de solutions synthétiques
contenant le composé d’onium et des impuretés incluant des impuretés d’ions métalliques, comprenant :

(A) la mise en contact de la solution de déchet ou de la solution synthétique avec un piégeur d’ions métalliques
pour enlever les impuretés d’ions métalliques, dans laquelle le piégeur d’ions métalliques comprend au moins
l’un parmi : un polymère contenant au moins un groupe iminophosphonate, un groupe sulfure, un groupe thiol,
un groupe bipyridyle et un groupe iminodiacétate ; et une matière de séparation chimique assistée
magnétiquement ;
(B) le chargement de la solution de déchet ou de la solution synthétique de (A) dans une pile électrochimique
comprenant au moins deux compartiments, une cathode, une anode et un séparateur et le fait de faire passer
un courant à travers la pile de sorte que le composé d’onium est régénéré ou produit ; et
(C) la récupération du composé d’onium à partir de la pile.

2. Procédé selon la revendication 1, dans lequel la concentration du composé d’onium dans la solution de déchet ou
la solution synthétique est augmentée avant ou après l’étape (A).

3. Procédé selon la revendication 2, dans lequel la solution de déchet ou la solution synthétique est prétraitée avec
au moins l’un parmi l’ozone, le charbon activé, une anode à surtension élevée, et la nanofiltration.

4. Procédé selon la revendication 1, dans lequel le piégeur d’ions métalliques comprend une matière de séparation
chimique assistée magnétiquement comprenant un matériau magnétique et au moins l’un parmi un composé ché-
latant et un composé d’éther cyclique.

5. Procédé selon la revendication 1, dans lequel le composé d’onium dans la solution de déchet est au moins un
hydroxyde d’ammonium quaternaire représenté par la formule
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dans laquelle R1, R2, R3 et R4 sont chacun indépendamment des groupes alkyles contenant de 1 à environ 10
atomes de carbone, des groupes aryles, ou R1 et R2 sont des groupes alkylènes qui, ensemble avec l’atome d’azote,
peuvent former un noyau hétérocyclique aromatique ou non aromatique à condition que si le groupe hétérocyclique
contient un -C=N-, R3 est la seconde liaison.

6. Procédé selon la revendication 1, dans lequel la solution de déchet ou la solution synthétique comprend un sel
d’onium.

7. Procédé selon la revendication 1, dans lequel le piégeur d’ions métalliques est incorporé dans un procédé d’extraction
liquide-liquide.

8. Procédé selon la revendication 1, dans lequel le composé d’onium est un hydroxyde d’onium et dans lequel le
séparateur comprend une membrane sélective vis-à-vis des cations et les ions onium passent à travers la membrane
sélective vis-à-vis des cations et l’hydroxyde d’onium est régénéré ou produit.

9. Procédé selon la revendication 8, dans lequel l’hydroxyde d’onium est au moins l’un parmi un hydroxyde d’ammonium
quaternaire, un hydroxyde de phosphonium quaternaire, un hydroxyde de sulfonium tertiaire et un hydroxyde d’imi-
dizolium.

10. Procédé selon la revendication 8, dans lequel la pile électrochimique comprend au moins trois compartiments, une
cathode, une anode et, dans l’ordre de l’anode à la cathode, une membrane sélective vis-à-vis des anions et la
membrane sélective vis-à-vis des cations, la solution de déchet ou la solution synthétique de (A) est chargée dans
un compartiment formé par la membrane sélective vis-à-vis des anions et la membrane sélective vis-à-vis des
cations, et l’hydroxyde d’onium est récupéré à partir d’un compartiment formé par la membrane sélective vis-à-vis
des cations et la cathode.

11. Procédé selon la revendication 8, dans lequel la pile électrochimique comprend au moins trois compartiments, une
cathode, une anode et, dans l’ordre de l’anode à la cathode, une première membrane sélective vis-à-vis des cations
et une seconde membrane sélective vis-à-vis des cations, la solution de déchet ou la solution synthétique de (A)
est chargée dans un compartiment formé par l’anode et la première membrane sélective vis-à-vis des cations, et
l’hydroxyde d’onium est récupéré à partir d’un compartiment formé par la seconde membrane sélective vis-à-vis
des cations et la cathode.

12. Procédé selon la revendication 8, dans lequel la solution de déchet ou la solution synthétique contient en outre un
sel d’onium correspondant à l’hydroxyde d’onium.

13. Procédé de récupération d’un composé d’onium à partir de solutions de déchets ou de solutions synthétiques
contenant le composé d’onium et des impuretés incluant des impuretés d’ions métalliques, comprenant :

(A) le chargement de la solution de déchet ou de la solution synthétique dans une pile électrochimique com-
prenant au moins deux compartiments, une cathode, une anode et un séparateur et le fait de faire passer un
courant à travers la pile de sorte que les ions onium passent à travers le séparateur et le composé d’onium est
régénéré ou produit ;
(B) la récupération de la solution de composé d’onium à partir de la pile ;
(C) la mise en contact de la solution de composé d’onium avec un piégeur d’ions métalliques pour enlever les
impuretés d’ions métalliques, dans laquelle le piégeur d’ions métalliques comprend au moins l’un parmi : un
polymère contenant au moins un groupe iminophosphonate, un groupe sulfure, un groupe thiol, un groupe
bipyridyle et un groupe iminodiacétate ; et une matière de séparation chimique assistée magnétiquement ; et
(D) la récupération du composé organique.

14. Procédé selon la revendication 13, dans lequel le piégeur d’ions métalliques comprend une matière de séparation
chimique assistée magnétiquement comprenant un matériau magnétique et au moins l’un parmi un composé ché-
latant et un composé d’éther cyclique.

15. Procédé selon la revendication 13, dans lequel le composé d’onium dans la solution de déchet ou la solution
synthétique est au moins un hydroxyde d’ammonium quaternaire représenté par la formule
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dans laquelle R1, R2, R3 et R4 sont chacun indépendamment des groupes alkyles contenant de 1 à environ 10
atomes de carbone, des groupes aryles, ou R1 et R2 sont des groupes alkylènes qui, ensemble avec l’atome d’azote,
peuvent former un noyau hétérocyclique aromatique ou non aromatique à condition que si le groupe hétérocyclique
contient un -C=N-, R3 est la seconde liaison.

16. Procédé selon la revendication 13, dans lequel le piégeur d’ions métalliques est incorporé dans un procédé d’ex-
traction liquide-liquide.

17. Procédé selon la revendication 13, dans lequel le composé d’onium est un hydroxyde d’onium.

18. Procédé selon la revendication 17, dans lequel l’hydroxyde d’onium est un hydroxyde d’ammonium quaternaire, un
hydroxyde de phosphonium quaternaire ou un hydroxyde de sulfonium tertiaire.

19. Procédé selon la revendication 17, dans lequel la pile électrochimique comprend au moins trois compartiments,
une cathode, une anode et, dans l’ordre de l’anode à la cathode, une membrane sélective vis-à-vis des anions et
une membrane sélective vis-à-vis des cations, la solution de déchet ou la solution synthétique est chargée dans un
compartiment formé par la membrane sélective vis-à-vis des anions et la membrane sélective vis-à-vis des cations,
et la solution d’hydroxyde d’onium est récupérée à partir d’un compartiment formé par la membrane sélective vis-
à-vis des cations et la cathode.

20. Procédé selon la revendication 17, dans lequel la pile électrochimique comprend au moins trois compartiments,
une cathode, une anode et, dans l’ordre de l’anode à la cathode, une première membrane sélective vis-à-vis des
cations et une seconde membrane sélective vis-à-vis des cations, la solution de déchet ou la solution synthétique
est chargée dans un compartiment formé par l’anode et la première membrane sélective vis-à-vis des cations, et
la solution d’hydroxyde d’onium est récupérée à partir d’un compartiment formé par la seconde membrane sélective
vis-à-vis des cations et la cathode.

21. Procédé selon la revendication 1 ou la revendication 13, dans lequel le polymère est une résine chélatante gélifiée
ou de forme poreuse.
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